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Description 

BACKGROUND . 

5 1. FteflgfttiQ Invention 

The present invention relates to water-curable resins, and in particular, to orthopedic casting materials incorporat- 
ing such curable resins. 

10 2. The Prior Art 

• Many different orthopedic casting materials have been developed tor use in the imrnobilization of broken or other- 
wise injured body parts. One of the first casting materials developed tor this purpose was a plaster of Paris bandage. 
More recently, water-curable isocyanate-f unctional , polyurethane preporymere were found to be extremely useful 

is in formulating a resin tor orthopedic casting materials, as disclosed, far example, in U.S. Patent No. 4,411262 (Von 
Bonin), U.S. Patent No 4.502.479 (Garwood et al.). U.S. Patent No 4.609.578 (Reed). U.S. Patent No. 4.667.661 
- (Scholz el al.). and US Patent No 4,774.937 (Scholz et al.). Most commonly, a knitted fiberglass fabric is used as the 
scrim in combination with the resin. 

To initiate the cure of such water curable orthopedic casting materials, the material is contacted with water, typically 

20 by immersing a roll of the material in water. Upon immersion, the curing process begins as the Isccyanate-tuncUonal 
groups begin polymerizing in the presence of the water. Such pdymerizatiOT is often aided a cc^ 
a catalyst such as is disclosed, tor example, in US. Patent No 4,705.840 (Buckanin). During this curing process, car- 
bon dioxide is formed and released from the resin in toe form of bubbles. Unfortunately, the evolution of carbon dioxide 
bubbles, rf not property controlled, can result in undesirable foaming. 

25 Foaming is undesirable from several standpoints. First after a rofi of orthopedic casting tape has been applied, 
foaming can cause the end of the tape to percolate up and away rhOT the frxmed cast Second, 
because it can decrease layer to layer lamination and hence the strength and durability of the resultant cured orthopedic 
casting material. Third, foaming can adversely affect the handling characteristics of the material, and can result in unde- 
sirable dripping. During cure foaming can occur in the resin (resin phase foaming) or in the aqueous phase (aqueous 

so phase foaming) which is created by the water used to initiate cure. Foaming occurring in the resin phase is the result of 
carbon dioxide being released through the resin. Resin phase foaming reduces the resin density which weakens the 
resin and can reduce the overall porosity of the cast through occlusion of the porous scrim Aqueous (water) phase 
foaming occurs as the carbon dioxide escaping from the resin bubbles into and through the aqueous phase. Aqueous 
phase foaming is enhanced due to mechanical manipulation (molding) of the casting tape during application of the tape. 

35 Aqueous phase foaming often forms visible sudsing which is esthetically unpl easing and interferes with the handling 
properties of resin coated casting material. 

Commonly assigned U.S. Patent AppBcaf on Serial No 376.421 filed July 7. 1989 discloses the use of a stable dis- 
persion of hydrophobic polymeric particles to reduce foaming in the aqueous phase. Such commercially available mate- 
rials, however, are relatively expensive. 

40 Several arttifoarning agents, e.g. DB-100 silicone fluid (Dow Corning) as in US Patent No. 4,667,661 (Scholz et 
al.) and silicone Antitoam A (Dow Corning) have been used in the art to suppress foaming in the resin phase. 

These latter antrfoaming compounds have been effective in retarding foaming occurring within the resin but have 
not significantly retarded foaming occurring in the aqueous phase during curing. Although not completely understood, 
it is theorized that such conven ti o n al antifoamrhg compounds tend to remain dispersed, or otherwise entrapped within 

45 the polyurethane prepctymer resin. As a result they do not substantially enter into the aqueous phase during curing of 
the resin to become effective in retarding foaming occurring in that phase during cure. 

Solid supported antitoaming materials are known which are composed of an antrfoaming compound and a solid 
support material. Such solid supported antitoaming materials are disclosed for use in agricultural products, detergents, 
and dry beverages. Solid supported antitoaming compositions disclosed for such uses appear in U.S. Patent Nos. 

so 3.983,251 and 4,818.292 and in the following patent publications: Great Britain 2,220.932. European Patent publica- 
tions 0.206.522 and 0.266.863. A commercially available solid supported antrfoaming composition (maltodextrin solid 
support incorporating a potydimethylsilaxane and silica antitoaming composition) is marketed under the trade designa- 
tion Dew Coming Antitoam 1920 antitoaming agent for btoprocessing. 

55 BRIEF SUMMARY OF THE INVENTION 

A principal aspect of toe invention is an improved defoaming agent for admixture with water curable resins. The 
defoaming agents of the invention have particular utility in reducing the amount of aqueous phase foaming during cure 
of water curable isocyanate-functional polyurethane resins which are impregnated into a fabric sheet material for use in 
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orthopedic casting materials, and other resin impregnated sheets such as pipe wraps and encarjsutating materials. 

The defoaming agent of the invention has the advantage of reducing the amount of aqueous phase foaming during 
cure of the isocyanate-funcBonai polyurethane resin without significantly interfering with the tack reduction effect of 
lubricants which are typically added to the resin to facilitate the mddability and improve the handling characteristics of 

the cast material during cure. 

In another aspect of the invention if the defoaming agent is employed in a mixture with silicone fluid or rf the detoam- 
ing agent is added in sufficient co nee ntratior it reduces the amount of aqueous phase foaming of the polyurethane rean 
while also enhancing the tack reduction and slipperiness of the resin dunng cure. The improved arrtrtoaming agent of 
the invention also retards resin phase foaming. The defoaming agent of the invention when employed in water curable 
isocyanate-functional resin compositions has the additional property of imparting improved lamination properties and 
often enhanced strength and durability characteristics of the resin impregnated casting material during and after cunng. 

The improved defoaming agent of the invention comprises an antifoam composition which is associated with and 
retained by a solid support For example, the antitoam composition may be sorbed (e.g.. adsorbed or absorbed) onto 
or encapsulated by the solid support The solid support is essentially insoluble in the water-curable resin. The solid sup- 
port, however, has the property that K structurally breaks down (physically or chemically) , e g. disintegrates, in water to 
allow corrtact between the water arri the ar^ 
support may typically be dsrjersibte fo wata or at lea^ 

or rapidly dispersible in water. By soluble is meant the ability to dissolve in water. By dispersible rs meant the ability of 
the solid support to break into small particles which scatter in the water and by credible is meant the ability of at least 
a portion of the solid support to break apart in water. The solid support tends to bn^ 

curable resin irrpregnated fabric sheet contacts water, the soBd support in the resin disintegrates allowing antifoammg 
composition to contact the water, ft has been determined that when the solid supported antrfaaming agent of the inven- 
tion is employed, the percent reduction in foaming (e.g. compared to the control formulation Resin A and D) can be typ- 
ically between aboid 20% to 90% Gr^ 

give a greater reduction in foaming, various other factors such as water temperature, the amount of water and water 
immersicxi time are other factors which can affect the amount reduction of foaming when the solid supported antitoam- 
ing agent of the invention is employed. A preferred defoaming agent is comprised of a polysiloxane antrfoarrong com- 
position which is sorbed (ag. by adsorption or absorption) onto or encapsulated by a solid support The solid support 
is comprised of a material which is a solid at room temperature and may be in the form of a bulk solid, but preferably is 
in a powder or granular form. The solid support is water soluble or at least water dispersible at room temperature and 
capable of sorbing or encapsulating the antifoam composition. The solid support is preferably an organic compound 
which is insoluble in resin but is rapidly soluble, dispersible or erodible in water. Preferred organic supports for theanfj- 
toaming composition are sugars, dextrin (hydrotyzed starch), dextran, ethylenediamine stearamide, and rjotyethoxy- 
lated materials. The organic support may include other water soluble polymers and waxes such as modified celluloses, 
e g carboxymethytcellulose. alginates, gelatin, polyethylene oxidefoolypropylene oxide copolymers, poryetrwxytated 
fatty alcohols and esters, poryacrytamide polyvirrylalcohol and polyvinylpyrrolidone or combinations thereof. The solid 
support may also be composed of inorganic oxides, carbonates, sulfates or silicates 

The antifoam composition sorbed onto or encapsulated by the solid support is preferably a polysiloxane of the 

structure: 



where R and R' are the same or different aJkyi groups having from t to 6 carbons or aryl groups and X rs an integer of 
at least 20 The alkyt groups containing one to six carbon atoms may be substituted alky! groups, e.g., acetyl groups. 
The aryl groups may be substituted aryl groups, e.g., substituted phenyl groups. The preferred antifoam conations 
are poryrfalkylsilaxanes and more preferably polydmettytsiloxanes having molecular weights of between about 500 to 
200 000 and viscosities at 25"C of 0.10 to 100 Pa • s (100 to 1 00.000 centipoise). more preferably 1 to 30 Pa • s (1 .000 
to 30.000 centipoise). These sitoxane antifoam compositions may also inctude hydrophobic silica additives The polysi- 
loxane compositions typically but not necessarily have tomethyteilyi groups on each end of the polymer chain. 

DETAILED DESCRIPTION OF TH E PREFERRED EMBODIMENTS 

The curable resin materials herein which incorporate the arrtitoaming agent of the invention exhibit reduced foam- 
ing and improved layer to layer lamination. Additionally the arrtifoaming agent of the present invention when admixed 
with pdydimetbytsitoxane having a viscosity preferably of about 1 00 cerrbstokes, has been discovered to improve tack 
reduction, i.e.. improve slipperiness and handling properties of the resin during cure. These materials have particular 
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utility when used in orthopedic cast applications, however, such is not their only utility. Hence, although the following 
discussion is set forth in the context of an orthopedic casting material application, it will be appreciated that the appli- 
cations and uses of the materials of the present invention are not so limited, and a few of the other utilities of the present 
invention will be noted hereinafter. 
5 The curable resins of the present invention are those resins which emptoy a water phase during curing where the 
benefits of the present invention can be realized. Hence, the curable resins of the present invention are water-activated 
or preferably, water-curable resins In this regard, water-curable, isocyanate-functional. potyurethane preporyrners are 
presently preferred. 

Preferred resins tor use in the present invention include those disclosed in U.S. Patent No 4.667,661 (Schotz et al.) 

w and U S Patent No 4,774.937 (Senate et al)., The potyurethane preporymer resins disclosed In these patents are 
formed by the reaction of a pdyol with an excess of a potyisocyanate. The resins disclosed in thB two aforementioned 
patents also include tack reducing agents which facilitate application of the orthopedic casting materials, ft will be 
understood that as used herein, the term "poryo!" also includes virtually any functional compound having active hydro- 
gen in accordance with the well-known Zerevrtinov test as described, for example, in Chemistry Pi Organic Compounds, 

, 5 by Carl R Noller Chapter 6. pp. 121-122 (1957). Thus, for example, thiols end pofyamrnes could also be used as -pory- 
ols- in the present invention, and the term "potyofs" wiD be considered to include such other active hydrogen com- 
pounds. 

In the present invention the above referenced water curable poryurethane prepdymer resin formulations are mod- 
ified by adding the sofid supported antifoaming composition, described herein, to such formulations The solid sup- 
20 ported antitoaming composition serves to 1) reduce both the amount of aqueous and resin phase foaming during cure 
2) increase layer to layer lamination and/or 3) result in cured materials having equivalent or greater strength. It has also 
been discovered that improved tack reduction and improved handling properties can also be achieved by preparing a 
premix of me solfo supported antito^ 

lOOcentistokes In this case the prerrrix is added to the above referenced water curable preporymer resm formulations 

25 or the polydimethyl siloxane may be separately added to such formulations. 

Water curable potyurethane preporymer resin formulations which included a solid supported antifoaming composi- 
tion of the invention were prepared. Various comparison tests were made against a control formulation (Resm A) to 
determine the effectiveness of the arrtifoamrng composition, tn addition to foam tests, the layer to layer lamination prop- 
erties of an orthopedic casting material impregnated with the resin as well as strength and handling properties of such 

so orthopedic casting materials were examined. The various preporymer resin formulations used in the companson tests 
are reported in Table I as Examples A to F. These formulations were prepared in conventional manner wherein the com- 
ponents and each example (Table I) were added, in the order shown to a mixing vessel forming a reaction mixture. 

The vessel was equipped with a teflon agitator, nitrogen purge, thermocouple and heating mantle. The reaction rmx 
was maintained in the vessel at a temperature between about 55°C and 65 D C. While this temperature level was matrv 

35 tained. the reaction mix was stirred with the Tef ton agitator for a period of about 1 hour after the exothermic reaction or 
until the isocyanate-polyol reaction was complete denoting formation of the desired potyurethane prepdymer water cur- 
able resin A nitrogen purge was used to maintain the desired dry inert atmosphere. In preparing the poryurethane pre- 
porymer water curable resin by the above described method best results are achieved when the components are 
maintained dry, added in the order listed and the temperature is controlled as above. Generally when using MEMPE 

40 catalyst the polyols are added sequentially or as a mixture in bulk or metered in. 

With reference to the prepdymer resin formulation given in Examples A to F (Table 0. the "(SON ATE" 2143L ditso- 
cyanate available from Dow Chemical Co. is a 6quid mixture containing about 73 percent by weight MDl (diphenyl- 
methane djisocyanate) which is a relatively low volatility isocyanate. "NIAX" PPG-425 polyol is a porvpropylene oxide 
liquid del of (approx.) M.W. 425 *NIAX" PPG-425 formerly available from Union Carbide Corp, is now available from 

45 AC West Virginia Polyols Corp "MAX" PPG-725 polyol is a polypropylene oxide liquid diol of (approx.) M.W. 750. 
•NIAX" PPG-725 formerly available from Union Carbide Corp. is now available from A.C. West Virginia Polyols Corp. 
-PUJRONIC" F-1 08 nonionic surfactant available from BASF Wyandotte, is a polyethylene oxfoe-porypropylene oxide 
block copolymer, rt is a solid wax at room temperature and has an approximate molecular weight of 14.500 and a melt- 
ing point of about 58-60°C. "PLURONIC" F-108 functions as a lubricant and tack reducing agent which promotes better 

so handling properties of the resin during cure. Benzoyl chloride functions as an acid stabilizer. Le. it prolongs shelf Dtepre- 
sumabry by neutralizing residual alkaline materials which may be present in the starting materials Alkaline materials, if 
left in the resin prepdymer, can cause premature curing of the resin. MEMPE catalyst is a moisture curing catalyst for 
curing pdyur ethane prepdymer resin systems. The MEMPE catalyst as used in the resin formulations herein is 4^2- 
(1-methyl-2K4-morphdirry0ethoxy]Bthyl] morphotine described in commonly assigned U.S. Pat No. 4.705.840 (Buck- 

55 anin) Butytated hydroxytoluene (BHT) functions as an antioxidant and thus prevents the occurrence of unwanted ambi- 
ent oxidation reactions involving any of the components of the formulations. ANT1FOAM 1920 is a water soluble solid 
supported antifoam corrposition wherein the support is water soluble or water disperstole (available from Dow Coming 
Corp). The solid support is disclosed in the product literature as maltodextrin e.g. having the chemical formula 
(CeHtjO^n • H^O which is preferably dried to remove water. The molecular weight of maltodextrin in ANTIFOAM 1920 
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is not disclosed in the product literature. However any water soluble mattodextrin would function adequately. Mattodex- 
trins are discussed in detail in ACS Symposium Series 370, "Flavor Encapsulation," Ch. 2. American Chemical Society. 
Washington, D.C. The arrtrfaaming composition encapsulated by or sorbed onto the solid support is about 25% by 
weight polydimethytsiioxane and about 1% by weight amorphous silica Antrfaam 1400 compound (formerly DB-100) 

5 from Dow Coming Corp., is composed of about 10 wt% amorphous silica in pofydirnethytsaoxana Antrfoam 1400 is not 
a solid supported antJfoamhig composition. DC-200, silicone at viscosity of 1 cmteec (100 centistokes) 0.102 Pa -s 
(about 1 02 centipoise) available from Dow Corning is essentially pure liquid polydimethytsiioxane having a relatively low 
viscosity of about 1 crr^/sec (100 centistokes). 

The water-curable resin can advantageously have the solid supported antifoaming agent of the invention therein in 

io an amount between about 0.1 to 10 percent by weight preferably between about 0.15 to 5 percent by weight The 
water-curable resin can advantageously also include a second arrtrfoaming agent therein, preferably a polydirnethylsi- 
loxane (e g. Antrfoam 1400) in an amount between about 0.1 and 5 percent by weight. The second antifoaming agent 
if employed, can advantageously be a polydimettylsflaxane having a viscosity at 25°C of between about 1.0 and 100 
Pa • s (1.000 and 100,000 centipoise). In addition to the solid supported antifoaming agent the water <urable resin can 

is optionally have a relatively low viscosity polydimethylsiloxane therein (e.g. DC-200 silicone). When such a relatively low 
viscosity polydimethytsiioxane is included ft can advantageously have a viscosity between about 0.050 and 5.0 Pa • s 
(50 and 5.000 centipoise) at 25°C. In such case the relatively low viscosity porydimethytsiloxane may amount to. 
between about 10 to 75 percent by weight of the total of the kw viscosity polycfimethytsiloxane and the polydimethylsi- 
loxane in the solid supported arrtrfoaming agent When added to the water-curable resin, the relatively low viscosity 

» porydtmetnylsiloxane functions primarily as a lubricating agent which enhances the tack reduction of the resin during 
cure. 
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TABLE I 



w 



15 



Component 


Pre polymer 


Restn A 


Pre polymer 


Resin B 


Prepotymer 


Restn C 




Wt, Grams 


WL% 


WL Grams 


Wt % 


Wt, Grams 


Wt% 


1 senate 2143L 


1939.14 


56.54 


1939.14 


35.43 




oO.*K> 


Benzoyl Chloride 


1.72 


0.05 


1.72 


0.05 


1.72 


ft AC 

0.05 


Antifoam 1400 (DB-100) 


6.17 


0.18 






6.17 


0.18 


BHT 


16.46 


0.48 


16.46 


0.48 


16.46 


, 0.4o 


MEPE 


45.28 


1.32 


45.28 


1.32 


45.28 


1.32 


Pluronic F-108 


141.4 


4.12 


141.4 


4.12 


141.4 


4.12 


NlAX PPG-425 


410.04 . 


11.95 


410.04 


11.93 


410.04 


11.93 


NIAX PPG-725 


869.81 


25.36 


869.81 


25.31 


869.81 


25.31 


AntHoam 1920 






12.34 


0.36 


6.17 


0.16 


Antifoam 1920 and Silicone Premix 














Total 


3430.02 


100.00 


3436.19 


100.00 


3436.19 


100.00 


Component 


Prepotymer Resin D 


Prupolyme 


r Restn E 


Prepclyme 


r Resin F 




Wt, Grams 


WL% 


Wt, Grams 


Wt % 


Wt, Grams 




Isonate 2143L 


1978.9 


56.37 


1978.9 


56.27 


2059.5 


56.58 


Benzoyl Chloride 


1.75 


0.05 


1.75 


0.05 


1.75 


0.05 


Antifoam 1400 (DB-100) 


6.3 


0.18 


6.3 


0.18 


6.3 


0.17 


BHT 


16.8 


0.48 


1fi Ft 


048 


16.8 


0.46 


- MEPE 


46.2 


1.32 


46.2 


1.31 


46.2 


1.27 


Pluronic F-108 


j 144.2 


4.11 


144.2 


4.10 


140.0 


3.85 


NIAX PP&425 


418.25 


11.91 


418.25 


11.89 


279.9 


7.69 


NIAX PPG-725 


887.6 


25.28 


887.6 


25.24 


949.6 


26.09 


BASF Red K3911 HD 


10.5 


0.30 


10.5 


0.30 






Antifoam 1920 






6.17 


0.18 




3.86 


Antifoam 1920 and Silicone Premix 1 










140.6 


Total 


3510.5 


100.0 


3516.7 


100.0 


3640.05 


100.00 



25 



SO 



35 



40 



Notes: 

1) S ft cone premix corn aire 



50 wt.% AntHoam 1920 and 50 wt.% DC-200 1 cn^/sec (100 cental oka) viscosity. 



Summarized below are tests which were used to determine "foam reduction: "dry strength", "wet strength .and 
"warm wet strength- Hence, whenever the terms "foam reduction" (or reduced foaming), "dry strength", "wet strength . 
and "warm wet ring strength" are used, it will be understood that these terms refer to the tests set forth herein below. 

so Fnam Reduction Test 

A 12 foot long roll of resin-coated material is taken out of a moisture-proof pouch, equilibrated to 20°C. and 
immersed completed in deionized water having a temperature of about 27-C (80-F) tor about 30 seconds. Upon 
removal the roll is gently sequeezed to remove excess water. In order to observe the foaming of the material during 
55 cure the article is applied around a 5.08 centimeter (2 inch) diameter. 30.5 centimeter (12 inch) section of a mandrel 
(covered with a thin layer of polyester stockinet such as 3M Synthetic Stockinet MS02) in three overlapping layers. The 
wrapping around the mandrel is achieved within about 45 seconds from the time the material is removed from the water. 
After application around the mandrel, the material is aggressively rubbed by hand over Hs entire length until two minutes 
has elapsed from the time the pouch is first opened. Visual inspection shows clearly the qualitative degree of foaming. 
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particularly in the water phase, and the approximate duration of the foaming. In this regard, the peak amount of foaming 
can be estimated in teaspoons, 

Delamination Test 

This test measured the force necessary to delarrrinate a cured cylindrical ring of a resin-coated material within the 

scope of the present invention- , _ 

Each cylindrical ring comprised 6 layers of the resin-coated material having an inner diameter of 5.08 cm (2 
inches). The width of the ring formed was the same as the width of the resin-coated material employed, namely, 7.62 
cm (3 inches). (The final calculation of the delamination strength is given in terms of newtons per centimeter of tape 
width) Each cylindrical ring was formed by taking a roll of the resin-coated material from its storage pouch and immers- 
ing the roll completely in deionized water having a temperature of about 27»C. (80*F). tar about 30 seconds. The roll of 
resin-coated material was then removed from the water and the material was wrapped around a 5.08 cm (2 inch) man- 
drel covered with a thin stockinet (such as 3M Synthetic Stockinet MS02) to form 6 complete uniform layers using a coo- 
T5 trolled wrapping tension of about 45 grams per centimeter width of the material. A free tail of about 15.24 cm (6 inches) 
was kept and the balance of the roll was cut off. Each cylinder was completely wound within 30 seconds after its 
removal from the water. 

After 15 to 20 minutes from the initial immersion in water, the cured cylinder was removed from the mandrel, ana 
after 30 minutes from the initial immersion in water its delamination strength was determined 

20 This was done by placing the free tail of the cyfindrical sample in the jaws of the testing machine, namely, an Instron 
Model 1 1 22 machine, and by placing a spindle through the hollow core of the cylinder so that the cylinder was allowed 
to rotate freely about the axis of the sprndte. The Instron machine was then activated to pun on the free tail of the sample 
at a speed of about 127 cnVmin. the average force required to delaminate the wrapped layers over the first 33 centim- 
eters of the cylinder was then recorded in terrre of force unrt widm sarnple (newtons/cm). For each material, at 

25 least 5 samples were tested, and the average delamination force was then calculated and reported as the •delamination 

In the practice of the present invention, delamination strengths of up to about 14 newtons/cm (6 pounds/In) have 
been observed. 

» Ring Strength Tests 

In these tests, the "dry strength', "wet strength", and "warm wet strength", of certain cured cylindrical ring samples 
of the resin-coated materials of the present invention were determined For each of these tests, cured cylindrical ring 
samples were formed as described hereinabove with respect to the delamination test so as to form 6-layered cylinders 
35 around a 5.08 cm (2 inch) mandrel, except all excess material was trimmed off to form these cylindrical rings, leaving 
no tails. 

At a point 30 minutes following the initial immersion in water, each cylinder was removed from its respective man- 
drel and allowed to cure for 48-60 hours in a controlled atmosphere of 34* C. ± 2* C. (75* F. ± 3° F). and 55% + 5% 
relative humidity. Each cylinder was then placed in a fixture in a commercial testing instrument e.g., an Instron instru- 

40 ment. and compression loads were applied to the cylindrical ring sample along its exterior and parallel to its axis The 
cylindrical ring was placed lengthwise between the two bottom bars of the fixture (the bars being 1 .9 centimeters wide. 
1 3 centimeters in height and 1 5.2 centimeters long), with the bars spaced about 4 centimeters apart The inside edges 
of the bars were machined to form a curved surface having a 0.31 cm (1/8 inch) radius. A third bar (0.63 cm wide. 2.5 
cm high, and 15.2 cm tong) was then centered over the top of the cylinder, also parallel to its axis. The bottom or con- 

45 tacting edge of the third bar was machined to form a curved surface having a 0.31 cm (1/8 inch) radius. The third bar 
was brought down to bear against and crush the cylinder at a speed of about 5 cnVmin. The maximum or peak force 
which was applied while crushing the cylinder was then recorded as the ring strength, which in this particular instance 
is the "dry strength" (expressed in terms of force per unit length of the cylinder, i.e., newtons/cm). For each matenal,at 
least 5 samples were tested, and the average peak force applied was then calculated and reported as the "dry 

so strength". 

To measure the "wet strength", the same procedure was followed as for the "dry strength", except that after curing 
for 48-60 hours, the cylinder was then immersed in water at about 45° C. (113° F). for about 30 minutes, and then 
allowed to dry under ambient conditions for about 15 minutes. The cylinder was then placed in the instrument and 
crushed as described hereinabove in order to determine the "wet strength" thereof. 
55 To determine the "warm wet strength" of the cylinder, the procedure was followed exactly as set forth for the "wet 
strength" measurement above, with the exception that the cylinder was placed in the fixture and crushed immediately 
after removal from the 45" C. (113° F)- water bath and was not allowed to dry at all. 

When the curable resin of the present invention is intended to be used tor orthopedic casting materials, the casting 
material is prepared by coating the curable resin onto a fabric scrim by standard techniques. Generally, the scrim should 
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be resin loaded to the point where the resin represents from about 35% to about 80% by weight of the total weight of 
the resin-coated scrim, in the case of a fiberglass scrim, the resin preferably represents from about 35% to about 60% 
by weight of the total weight of the resin-coated scrim, and preferably from about 38% to about 45% by weight Manual 
or mechanical manipulation of the resin (such as by a nip roller or wiper blade) into the scrim is usually not necessary. 
5 However, some manipulation of the resin into the fabric may sometimes be desirable to achieve proper impregnation. 
Care should be given not to stretch the fabric scrim during resin coating, however, so as to preserve the stretchabflity 
of the material tor its later application around the desired body part. 

The curable resins of the present invention may be used with a variety of well-known scrims for use as orthopedic 
' casting materials or for other applications Although many materials are well-known for this purpose, fiberglass is pres- 
to entry preferred In this regard, in one presently preferred embodiment of the present invention, the scrim cornpnses an 
extensfete heat-set knitted fiberglass fabric as set forth in U.& Patent No. 4,609.578 (Reed). One example of a knitted 
fiberglass 'scrim which is within the scope of U.S. Patent No. 4.609.578 is known by 3M. St Paul. Minnesota^ the 
Scotchcast™ 2 knitted fiberglass scrim. The Scotchcast™ 2 scrirrt is used in the manufacture of 3 Ms Scotchcast 2 and 
Scotchcast™ Plus orthopedic casting materials. 
J5 a series of projections may also be formed along such a knitted fiberglass scrim in order to enhance the lamination 
properties thereof. A detailed description of scrims having such projections and the enhanced lamination achieved 
thereby is disclosed in commonly assigned U.S. Patent Application Serial No 376873, filed July 7. 1989 entitled "Ortho- 
pedic Casting Materials Having Superior Lamination Characteristics and Methods tor Preparing Same". Such projec- 
tions can be formed by abrading the scrim with, tor example, a knurled rotter, a knife edge, sharp or blunt teeth, or by 

so other techniques. „ . . 

As disclosed in the aforementioned patent application, a projection is considered to be a filament bundle which 
serves to enhance lamination and typically has 8 or more filaments per bundle. As further set forth in that concurrently 
filed patent application, the fabric scrims preferably have from about 75 to about 1 ,500 projections per gram of fabric 
scrim on the average, more preferably from about 100 to about 1.000 projections per gram of fabric scrim, and most 

25 preferably from about 300 to about 700 projections per gram of fabric scrim. 

By using the curable resin formulations of the present invention with the improved fabric scnms of Ihe above-men- 
tioned patent application, the benefits of both the improved scrim and the improved resin can be realized in a single 
resin-coated material, whether used for orthopedic purposes or for other applications. 

Orthopedic casting materials prepared in accordance with the present invention are applied to humans or other ani- 
se mals in ihe same fashion as other known orthopedic casting materials First, the body member or part to be immobilized 
is preferably covered with a corrverrtional cast padding and/or stockinet to protect the body part Next the curable resin 
is activated by dipping the orthopedic casting material in water. Excess water may then be squeezed out of the ortho- 
pedic casting material, and the material is wrapped or otherwise positioned around the body part so as to property con- 
form thereto. Preferably, the material is then molded and smoothed to form the best fit possible and to properly secure 
as the body part in the desired position. Although often not necessary, if desired, the orthopedic casting materials may be 
held in place during cure by wrapping an elastic bandage or other securing means around the curing orthopedic casting 
material. When curing is complete, the body part is properly immobilized within the orthopedic cast or splint which is 

formed. . . 

The casting materials formed of curable resins which include the antitoamrng agent of the present invention exhibit 

40 reduced foaming. The preferred solid supported antitoaming agent of the present invention e.g. Antitbam 1920 (Dow 
Corning) when admixed with dimethyl siloxane, e.g. DO200 having a viscosity preferably of about 1 crrr^/sec (100 cen- 
tistokes) (about 0.102 Pa • s (102 centipoise)). or added alone in sufficient concentration (e.g. 5%) has also been dis- 
covered to improve tack reduction, i.e. improve slipperiness and handling properties of the casting material during cure. 
Foaming can occur in at least two different regions of the orthopedic casting system: the resin phase and the aque- 

« ous or water phase. The resin phase is represented by the resin on the scrim which is activated when contacted with 
water. The water phase is represented by the water which contacts or is otherwise associated with the resin dunng cure. 
As the carbon dioxide bubbles are released during cure, they pass both through the resin phase and through the water 
phase; thus foaming can occur in either or both of these phases. Foaming in the aqueous phase is often clearly visible, 
as "suds" during cure. Ranting in the resin phase often is not clearly discernible visibly, but it generally causes rracro- 

» scope voids in the resin which weakens the resin structure The reduced foaming benefits of the present invention 
results in easier handling of the casting material during cure. 

With reference to Table I resin formulation A is the control. Resin formula Bis the same as formula A except that 
the solid supported antifoaming agent ANTIFOAM 1920 was added and conventional silicone antifoaming agent DB- 
100 was eliminated Resin formulation C is the same as the control formulation A except that solid supported ANTI- 

55 FOAM 1920 was added. 

In a first example the preporymer resin formulations A Band C (Table I) were coated in a dry environment {relative 
humidity less than 5%) to a coating weight of 42.5 percent by weight on heat set ECDE 75. 1/0. 0.7 fiberglass knit fabric 
as descrfoed in U.S. Patent 4,609.578 (Reed) and as used in Scotchcast Plus and -Scotchcast V 3 in. casting tape 
available from 3M. The material was converted into 12 ft. rolls and sealed in aluminum foil composite pouches. These 
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were stored at room temperature for several days and then placed in a refrigerator. Single rolls were removed and 
allowed to equilibrate at room temperature tor 24 hours. 

Foam Test: 

5 

Foam tests on rolls produced from the above resin compositions A, B and C coated on "Scctchcast 2' casting tape 
were made in accordance with the above described foam reduction test procedure- Rolls produced utilizing resin com- 
positions A. Band C were in turn removed from the pouch, dipped in 23-25-C water and squeezed three times under 
water. 

10 

Results; 

. The roils containing Resins A. B and C were tested after two and four weeks in the refrigerator. Resin foaming 
appeared to be minimal for an resins indicating that the solid supported arrtrtoaming agent "Antifoam 1920 (Dow Corn- 
is ing) was indeed an effective resin phase antifoam. Aqueous phase foaming, however, was noticeably different among 
the formulations. At the end of the two week period. Resin A foamed (appeared sudsy and the suds were stable) while 
Resins Band Cdd not foam. At the end of four weeks control. Resin A foamed extensively and the foam was very sta- 
ble. Resin B had practically no foam and Resin C foamed only s&ghtfy. 

Rolls containing Resins A B, and C were also tested by the foam test after they had been stored for 5 months in a 
20 refrigerator. Resin A showed the most foaming (about 7-8 teaspoons) with quite a bit of dripping. The drops were 
cloudy. Resin C showed very little foaming (less than 1 teaspoon) i.e. 86-88% reduction in foam compared to control 
Resin A and no dripping was observed. 

Resin B showed moderate foaming (about 5 teaspoons) i.e. 29-38% reduction in foam compared to control Restn 
A with a small amount of dripping. The foam was not very stable. 

25 

Ring Strength Tests 

Physical property strength tests and ring delamination tests were conducted using Resins A. B and C in accord- 
ance with the above described procedures. The objective of these tests was to determine « the solid supported antj- 
30 foaming agent had an effect on dry, wet and warm wet ring strength and ring delamination strength. The results are 
shown in the following Table 11 



TABLE II 



Strength Test 


Resin A 


Resin 


Resin 




B 


C 


24hrDry(N/cm) 


95.4 


9a 1 


101.6 


24hrWet(N/cm) 


Mot Measured 


59.5 


63.0 


24hrWajmWet(Ntan) 


Not Measured 


26.1 


26.1 


Ring Delamination (N/cm) 


9.5 


9.3 


10.0 



45 The data demonstrates that the casting tapes containing the preferred antifoam compositions have properties equiva- 
lent or superior to the properties of the control casting tape. 

In a second example Resins D (control) and E were prepared in accordance with the formulations shown in Table 
I. The Resins D and E were prepared, coated, converted and tested as in the preceding example. Resin D was pre- 
pared by adding 10.5 got BASF Red K 3911 HD pigment to 3500 g of the formulation shown in control Resin A Resin 

so E was prepared by adding 6.17 g of Antrtoam 1920 to the resin D formulation. 

Once again the foam reduction test described in the foregoing was applied. Resins D and E were stored at 4°C and 
checked as in the preceding example for resin and aqueous phase foam. The resin phase foaming upon curing was 
determined to be minimal for both resin D and E. After four weeks in the refrigerator resin D foamed extensively upon 
curing and me foam drips had a pink hue Resin E. however, which contained the solid supported ANTIFOAM 1920 had 

55 minimal foaming and no color drips upon curing. 

In a third example resin F was prepared in accordance with the formulation shown in Table I. Resin F is similar to 
Resin E except that the solid supported ANTIFOAM 1920 was replaced by a premix prepared by mixing 70 g of ANTI- 
FOAM 1920 (Dow Corning) with an equal amount i.a. 70 g of DG-200 silicone (Dow Corning). (TheDC-200 silicone 
employed was essentially pure liquid polydimettiylatoxane having a relatively tow viscosity of about 1 cnr/sec (1 00 cen- 
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tistokes) (about 0.102 Pa -s (102 centipotse)). 

The resin F was coated, converted, and packaged as described in the first example, except that the actual resin 
content was 43% by weight. This resin was stored at room temperature and evaluated for its arrtrfoaming and handling 
' properties. Resin F exhibited minimal foaming i.e. of the same degree as Resin E. Additionally, however. Resin F exhib- 

s rted improved handling characteristics over that of Resin E in that tack reduction (slipperiness) and moldabiirty of the 
resin coated SCOTCHCAST 2 casting tape appeared to be improved during application and molding. The improved 
handling characteristics during curing of a Resin F impregnated SCOTCHCAST 2 casting tapes are improved moBa- 
bility due to a slippery yet creamy feel. The casting tapes made in accordance with the above examples all exhibited 
desirable set times between about 2 to 18 minutes and for orthopedic applications preferably between 3 to 5 minutes. 

10 The set time is the time from initial activation of the material when immersed in water to the time that the material has 
cured to the point of achieving significant immobilization. 

4 

Claims 

»s 1. An antoe composing: 
a fabric sheet; and 

a water-curable resin coated onto said fabric sheet said resin having an antifoammg agent therein, said arrb- 
foaming agent comprising a solid support and an a r i u 'loam in g composition retained by the soBd support said 
» solid support having the property that it breaks rtown in water so as to allow corita^ 

arrtifoam composition, said antrfoaming composition being capable of reducing foaming as said resin cures. 

2. An article as in daim 1 , wherein said solid support is insoluble in the water-curable resin. 

25 3. An article as in daim 1 , wherein the water-curable resin comprises between about 0.1 and 10 percent by weight of 
the solid supported antrfoaming agent 

4. An artide as in claim 1, wherein the antrfoaming composition is sotted on the solid support 

30 5. An artide as in claim 1 wherein the antrfoaming composition is encapsulated by the solid support 

6. An artide as in daim 1 wherein the solid support for the anffioaming agent comprises a material selected from the 
group consisting of starches, inorganic oxides, carbonates, sulfates, silicates, sugars, dextrin, dextran, waxes, cel- 
luloses, alginates, gelatin, polyethylene oxide/polypropylene oxide copolymers, polyethoxylated fatty alcohols, pd- 

35 yethoxyiated fatty esters, pdyacrylamide. polyvinytalcohd and poryvirrytrjyrrdjdone 

7. An article as in claim 1 wherein the solid support for the antrfoaming agent comprises a dextnn. 

8. An artide according to claim 7 wherein the solid support comprises a maltodextrin. 

40 

9. An article as in daim 1 wherein the antrfoaming composition comprises a porysiloxane. 

1 0. An artide as in daim 9 wherein the porysiloxane is represented by the following formula: 



where R and R- are the same or different alkyl groups having from 1 to 6 carbons or aryl groups and X is an integer 
of at least 20. 

£5 1 1 . An artide as in daim 10 wherein the poiysiloxane is a polydimethylsiloxane having a viscosity of between about 
0.10 and 100 Pa • s (100 and 100,000 cent poise) at 25°C. 

12. An article as in daim 1 1 wherein the arrtitoaming composition further comprises amorphous silica. 



45 




R 



50 
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13. An article as in claim 9 wherein the antitoaming composition comprises a pdydimethylsiloxane having a viscosity 
between about 1 and 30 Pa • s (1 ,000 and 30,000 centjpcise) al 25°C and said water-curable resin comprises 
another potytfimethytsDoxane, said other poJydimethylsaoxane having a viscosity of between about 0.050 and 5.0 
Pa- s (50 and 5.000 centipotsB) at 25°C. and functioning as a lubricating agent to reduce tack of the resin during 



14. An article as in claim 1 , wherein said water-curable resin comprises an isocyanate-f uncfonal, polyurethane prepof- 
ymer. 

15. An article as in claim 1, wherein said article is an orthopedic casting material. 

16. An article as in claim 1 . wherein said fabric sheet comprises fiberglass. 
Patentansprflche 

1. Gegenstand. umfassend: 

erne Qewebebahn und 

einwassertosBches Harz, das auf die Qewebebahn beschichtet ist wobei das Harz darin ein Anbschaummittel 
autweist wobei das Anfechaunwrattel einen festen Trager und eine schaumverhotende Zusamrnensetzung 
umfaet die durch den Trager gestotzt wtrd, wobei der teste Trager die Bgenschaft hat. in Wasser zu zertallen, 
um so einen Kontakt zwischen dem Wasser und der schaurnverhutenden Zusamrnensetzung zu ermOgBchen, 
wobei die schaumverhotende Zusamrnensetzung das Schaumen reduzieren kann. wenn das Harz hartet 

2. Gegenstand gemaB Anspruch 1. worin der teste Trftger in dem wasserharfbaren Harz Lmrftsfich rst 

3. Gegenstand gemaB Anspruch 1, worin das wasserhartbare Harz etwa zwischen 0.1 und 10 Gew.-% des festen. 
TragBrgestutzten AntisehaummitJels umtaBt. 

4. Gegenstand gemaB Anspruch 1 . worin die schaumverhotende Zusamrnensetzung auf dem festen Trager sorbiert 
ist. 

5. Gegenstand gemaB Anspruch 1 , worin die schaunmrerhotende Zusamrnensetzung durch den festen Trager einge- 
kapseKist. 

6. Gegenstand gemaB Anspruch 1 . worin der teste Trager fur die schaumverhutende Zusamrnensetzung ein Material 
umtaBt das aus der Gruppe, bestehend aus Starken. anorganischen Oxiden, Carbonaten. SuKaten. SiHcaten, Zuk- 
kem. Dextrin. Dextran. Wachsen. CeJIiitose-Verbindungea Alginaten. Gelatine, Pc^ethytenoxidff^ropyienoxrd- 
Copolymeren. poryethoxyBerten Fettalkoholen, potyethoxyfierten Fettsaureestern, Polyacrylamid. Polyvirrylalkohol 
und Polyvinylpyrrdidon, ausgewahlt ist 

7. Gegenstand gemaB Anspruch 1 , worin der teste Trager fflr die schaumverhutende Zusamrnensetzung ein Dextrin 
umtaBt. 

8. Gegenstand gemaB Anspruch 7. worin der teste Trftger ein Maltodextrin umtaBt 

9. Gegenstand gemaB Anspruch 1 . worin die schaiJmverhOtende Zusamrnensetzung ein Porysiloxan umtaBt 

10. Gegenstand gemaB Anspruch 9. worin das Porysiloxan durch die fdgende Formal: 



cure. 




R 



dargestelrt wird. worin R und R' die gleichen Oder verschiedene Alkylgruppen mit 1 bis 6 Kohlenstoffatomen oder 
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Arylgruppen sind, und X eine ganze Zahl von wenigstens 20 ist. 

11. Gegenstand gemaB Anspruch 10. worin das Polysiloxan etn Polydimethytsiloxan rrtt einer VistosHai zwischen 
etwa 0.10 und 100 Pa -6(100 und 100 000 Centipoise) bei 25 "Cist. 

5 

12. Gegenstand gemaB Anspruch 1 1. worin die schaumverhutende Zusammensetzung weiterhin amorphes Sflidum- 
dioxid umfaBt 

13. Gegenstand gemaB Anspruch 9, worin die schaumverhulende Zusammensetzung ein Polydimethyls8oxan rnit 
to einer VTskositat zwischen etwa 1 und 30 Pa «s (1000 und 30 000 Centipoise) bei 25 °C umfaBt und das wasser- 

hartbare Harz ein wetteres FttycSmethytsilcxan umfaBt, wobei das watere Porydimethyteilo xan etn a VTskositat zwi- 
schen etwa 0.050 und 5.0 Pa • s (50 und 5000 Centipoise) bei 25 "C hat und ate ein Schrnierrratte! fungiert. urn (fie 
Klebrigkeit des Harzes wahrend des Martens zu reduzieren. 

is 14. Gegenstand gemaB Anspruch 1 . worin das wasserhartbare Harz ein isocyanaiiunktionelles Polyurethan-Prepoiy- 
mer umfaBt 

15. Gegenstand gemaB Anspruch 1 . worin der Gegenstand ein GieBmaterial fur orthopadische Zwecke ist 
20 16. Gegenstand gemaB Anspruch 1 , worin die Gewebebahn Glasfaser umtaBt 
Revendications 

1. Article comprenant : 

25 

uneteuflledetissu :et 

une resme durcissable k Teau, appfiquee but ladite teuine de tissu. ladrte resine comportant un agent anti- 
moussant. ledil agent antirnoussarrt comprenant un support soUde at une composition antimoussarrte retenue 
par 1e support solide. led'it support solide ayant la propriet§ de se desintegrer dans I'eau, de fecon a permettre 
so un contact enfre l eau et la composition antimoussarrte. ladite composition antimoussarrte etant capable de 

reduire le moussage lore du durossemerrt de ladite resina 

2. Article selon la revendication 1 , dans lequel ledH support solide est insoluble dans la resine durcissable a I'eau. 

ss 3, Article salon la revendication 1 . dans lequel la resine durcissable a I'eau comprend d'environ 0.1 a 1 0 % en poids 
de ('agent antirnoussarrt retenu par le support so&de. 

4. Article selon la revendication 1 . dans lequel la composition antimoussarrte est sorbee par le support solide. 
40 5. Article selon la revendication 1 . dans lequel la composition antimoussarrte est encapsulee dans le support solide. 

6. Article selon la revendication 1 , dans lequel le support solide de regent antimoussant comprend un compose choisi 
parmi j'ensemble comprenant les errndons. les cocydes min6raux. les carbonates, les sultates, les sflicates. les 
sucres. la dextrine, le dextran. les cires. les celluloses, les alginates, la gelatine, les copolymeres poly(oxyde d'ethy- 

45 leneypoly(oxyde de propylene), les alcools gras polyethoxyles. les esters gras polyeihoxyles. le poryacrylarnide. le 
pofy(alcool vinyfique). et la pdyvirrytpyrrolidone. 

7. Article selon la revendication 1 . dans lequel le support solide de I 'agent antimoussant comprend une dextrine, 
so 8. Article selon la revendication 7. dans lequel le support soJide comprend une maltodextrine. 

9. Article selon la revendication 1 , dans lequel la composition antimoussarrte comprend un poiysiloxane 

10. Article selon la revendication 9. dans lequel le poiysiloxane est represerrt6 par la formula suivarrte : 
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IS 



dans laquelle R et R* sort dee groupes alkyie, tdenttques ou differents, ayant de 1 a 6 atomes de carbone. ou 
encore des groupes aryle, et X est un errtier vatant au moins 20. 

11. Article selon la revendication 10. dans lequel le porysiloxane est un polydimethylsflaxane ayant a 25°C une visco- 
stte comprise entre 0,10 et 100 Pa.s (entre 100 et 100 000 centipoises). 

12. Article seton la revendication 1 1 . dans lequel la composition antimoussarrte comprend en outre une slice amorphe. 

13. Article seton la revendication 9, dans lequel la composition antimoussarrte comprend un porydimethylsiloxane 
ayant a 25-C une viscosite comprise entre environ 1 et 30 Pa.s (entre 1000 et 30 000 centipoises). et ladrte resme 
durcfesable a I'eau comprend un autre porydtmtthytsitaane, ledit autre pdydimethytsiloxane ayant a 25°C une vis- 
cosite comprise entre environ 0,050 et 5.0 Pas (entre 50 et 5000 centipoises), et jouant le rOle cfagent lubrifiarrt. 
pour reduire le potsseux de la resine pendant le durossemenL 

14. Article seton la revendication 1, dans lequel ladite resine durdssabte a I'eau comprend un prepolymere de polyu- 
25 rethanne a fonctionnalite isocyanata 

15. Artide seton la revendication 1, dans lequel ledit article est un materiau pour moutage orthopedtqua 

1 6. Article selon la revendication 1 . dans lequel ladite teuille de tissu comprend des fibres de verre. 
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